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DETAILED ACTION 

Oath/Declaration 

1 . The oath/declaration filed on 02/1 0/2004 is acceptable. 

Election/ Restriction 

2. Applicant's election without traverse of Invention I, claims 1-15, and cancellation of 
claims 16-34, in the reply filed on 01/24/2005 is acknowledged. 

Claim Rejections - 35 USC §102 
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in 

(1 ) an application for patent, published under section 122(b), by another filed in the United States before the 
invention by the applicant for patent or 

(2) a patent granted on an application for patent by another filed in the United States before the invention by 
the applicant for patent, except that an international application filed under the treaty defined in section 351(a) shall 
have the effects for purposes of this subsection of an application filed in the United States only if the international 
application designated the United States and was published under Article 2 1(2) of such treaty in the English language. 

3. Claims 1-2, 5-6, and 9 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Halliyal et al. U.S. Patent 6,674,138 (the '138 patent). 

The '138 patent discloses in Figure 1 and respective portions of the specification an 
NROM memory transistor as claimed. In particular, the reference discloses a composite gate 
insulator comprising oxide/high-k dielectric/oxide (28/30/32, column 5, lines 1-15). 
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Specifically, referring to claim 1, the reference discloses an NROM memory transistor 
comprising: 

a substrate (16) having a plurality of source/drain regions (12/14), the source/drain 
regions (inherently) having a different conductivity type than the remainder of the substrate (for 
the device to function); 

a nanolaminate gate dielectric (28/30/32, which is collectively referred to as 26, having a 
thickness in the nanometers (column 11, line 64 to column 14), which dimension qualifies the 
gate dielectric as a nano-laminate gate dielectric or nanolaminate gate dielectric) formed on top 
of the substrate substantially between the plurality of source/drain regions, the gate dielectric 
having a dielectric constant greater than silicon dioxide (Table 1 in light of the interpretations in 
columns 5 and 6); and 

a control gate (24) formed on top of the gate dielectric. 

Referring to claim 6 and using the same reference characters, interpretations, and 
citations as detailed above where applicable, the reference discloses an NROM memory 
transistor comprising: 

a substrate having a plurality of source/drain regions, the source/drain regions having a 
different conductivity than the remainder of the substrate; 

a composite gate insulator layer formed on top of the substrate and substantially between 
the plurality of source/drain regions, the gate insulator comprises a trapping layer (high-k 
dielectric layer 30) having a higher dielectric constant than silicon dioxide (Table 1 in light of the 
interpretations in columns 5 and 6); and 

a control gate formed on top of the gate insulator layer. 
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Referring to claim 2, as noted, the reference discloses that the gate dielectric is a 
composite oxide - high-k - dielectric - oxide (oxide/high-k dielectric/oxide) nanolaminate gate 
insulator wherein the high-k dielectric is a charge trapping layer. 

Referring to claim 5, the reference's disclosed materials meet the Markush group of the 
claim (Table 1 in light of the interpretations in columns 5 and 6 for the materials and column 13, 
lines 10-20, for the limitation "ALD") 

Referring to claim 9, the reference further discloses that the control gate is a polysilicon 
material (column 4, lines 50-60). 

4, ' Claims 1-2, 6-7, and 9 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Chang et al. U.S. Patent 6,461,949 (the '949 patent). 

The ' 949 patent discloses in the figures, particularly Figure 6, and respective portions of 
the specification an NROM memory transistor as claimed. In particular, the reference discloses a 
composite gate insulator comprising oxide/high-k oxide nitride dielectric/high-k tantalum 
pentaoxide oxide (column 3, lines 1-26). 

Specifically, referring to claim 1, the reference discloses an NROM memory transistor 
comprising: 

a substrate (52) having a plurality of source/drain regions (64), the source/drain regions 
(inherently) having a different conductivity type than the remainder of the substrate (see also 
Description of The Prior Art section); 

a nanolaminate gate dielectric (54/56/58, which is collectively referred to as 60, having a 
thickness of about 15-25 nanometer (or 150-250 angstroms, column 2, lines 55-60), which 
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dimension qualifies the gate dielectric as a nano-laminate gate dielectric or nanolaminate gate 
dielectric) formed on top of the substrate substantially between the plurality of source/drain 
regions, the gate dielectric having a dielectric constant greater than silicon dioxide (column 3, 
lines 20-25); and 

a control gate (68) formed on top of the gate dielectric. 

Referring to claim 6 and using the same reference characters, interpretations, and 
citations as detailed above where applicable, the reference discloses an NROM memory 
transi stor compri sing : 

a substrate having a plurality of source/drain regions, the source/drain regions having a 
different conductivity than the remainder of the substrate; 

a composite gate insulator layer formed on top of the substrate and substantially between 
the plurality of source/drain regions, the gate insulator comprises a trapping layer (Silicon 
Nitride (SiN) 56) having a higher dielectric constant than silicon dioxide (column 3, lines 20-28); 
and 

a control gate formed on top of the gate insulator layer. 

Referring to claim 2, the reference further discloses that the gate dielectric is a composite 
oxide - high-k - dielectric - oxide nanolaminate gate insulator wherein the high-k dielectric is a 
charge trapping layer (column 3, lines 15-27). 

Referring to claim 7, the reference further discloses that the composite gate insulator 
comprises an oxide - nitride - high-k dielectric structure (column 3, lines 15-27). 

Referring to claim 9, the reference further discloses that the control gate is a polysilicon 
material (column 3, lines 46-49). 
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5. Claims 1-2, 6-7, and 9 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Chang U.S. Patent 6,797,567 (the '567 patent). 

The '567 patent discloses in the figures, particularly Figure IE, and respective portions of 
the specification an NROM memory transistor as claimed. In particular, the reference discloses a 
composite gate insulator comprising high-k HfOxNy/high-k silicon nitride dielectric/oxide 
(102/104/106 that to become 102a/104a/106a, column 3, line 60, to column 4, line 35). 

Specifically, referring to claim 1, the reference discloses an NROM memory transistor 
comprising: 

a substrate (100) having a plurality of source/drain regions (114), the source/drain regions 
(inherently) having a different conductivity type than the remainder of the substrate (for the 
device to function); 

a nanolaminate gate dielectric (102a/l 04a/ 106a, which is collectively referred to as 108, 
having a thickness in the nanometers, as is known in the art and as is disclosed or proved by the 
other references cited by the examiner), which dimension qualifies the gate dielectric as a nano- 
laminate gate dielectric or nanolaminate gate dielectric) formed on top of the substrate 
substantially between the plurality of source/drain regions, the gate dielectric having a dielectric 
constant greater than silicon dioxide (column 3, lines 60-67); and 

a control gate ("word line" 118) formed on top of the gate dielectric. 

Referring to claim. 6 and using the same reference characters, interpretations, and 
citations as detailed above where applicable, the reference discloses an NROM memory 
transistor comprising: 
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a substrate having a plurality of source/drain regions, the source/drain regions having a 
different conductivity than the remainder of the substrate; 

a composite gate insulator layer formed on top of the substrate and substantially between 
the plurality of source/drain regions, the gate insulator comprises a trapping layer (Silicon 
Nitride 104) having a higher dielectric constant than silicon dioxide (see Table 1 of the '138 
patent for a disclosure that silicon nitride has a higher dielectric constant than silicon dioxide); 
and 

a control gate formed on top of the gate insulator layer. 

Referring to claim 2, as noted, the reference discloses that the gate dielectric is a 
composite oxide - high-k - dielectric - oxide (high-k HfOxNy oxide/high-k silicon nitride 
dielectric/oxide) nanolaminate gate insulator wherein the high-k dielectric is a charge trapping 
layer (column 3, lines 15-27). 

Referring to claim 7, as noted, the reference discloses that the composite gate insulator 
comprises an oxide - nitride - high-k dielectric structure (high-k HfOxNy dielectric/high-k 
silicon nitride dielectric/oxide, as direction of the layers of the composite layer has not been 
established in the claim). 

Referring to claim 9, the reference further discloses that the control gate is a polysilicon 
material (column 4, lines 50-60). 

Claim Rejections - 35 USC §103 
The following is a quotation of 35 U.S.C. §103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 
102 of this title, if the differences between the subject matter sought to be patented and the prior art are such that the 
subject matter as a whole would have been obvious at the time the invention was made to a person having ordinary skill 
in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

6. Claims 15, 8, and 10 are rejected under 35 U.S.C. § 103(a) as being unpatentable over the 
' 949 patent. 

Referring to claim 15, the '949 patent discloses a plurality of NROM memory transistors 
as claimed and as detailed above but fails to teach that the plurality of NROM memory 
transistors could be used in an electronic system having a process and a memory array of the 
plurality of NROM memory transistors. However, since the reference also fails to exclude such 
usage, it would have been obvious to one of ordinary skill in the art at the time the invention was 
made to use the memory array of the plurality of NROM memory transistors in an electronic 
system having a process as it was known at the time the invention was made that a memory array 
needed to be coupled to a processor of sorts to function. 

Referring to claim 8, although the reference fails to disclose a specific doping for the 
source/drain regions as claimed, n+ type doped silicon is a popular doping and that one in that art 
would use. See, for example, column 1, lines 28-35. 

Referring to claim 10, the reference further discloses that the substrate 52 is comprised of 
p-type silicon (column 2, lines 52-54). In other words, the difference between the reference and 
the claim appears to be that of the p-dopant: the claim recites p+, the reference just p or p-. 
However, since both the reference and the claim fail to explicitly disclose a specific 
concentration (doping concentration or impurity concentration, as is known in the art), the 
choosing of terminology and even doping concentration is all within the skill of one in the art 
therefore such a choosing would have been obvious. 
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7. Claim 11 is rejected under 35 U.S.C. §103(a) as being unpatentable over the '949 patent 
in view of knowledge in the art and further in view of knowledge in the art or further in view of 
Min U.S. Patent 6,669,990 (the '990 patent). 

The reference discloses an NROM memory transistor as claimed and as detailed above 
including the high-k composite gate insulator. The difference between the reference's structure 
and that of the claim is the top oxide layer of the composite gate insulator. The claim recites a 
high-k atomic-layer-deposition (ALD) aluminum oxide (A1 2 0 3 ) or ALD zirconium oxide (Zr0 2 ), 
the reference discloses the high-k tantalum pentaoxide (Ta0 5 ), or simply "tantalum oxide" for 
short. 

However, with reference to the materials, the different materials are just high-k materials 
one of ordinary skill in the art would use for gate insulator and therefore would have been 
obvious. See, for example, Table 1 of U.S. Patent 6,674,138 to Halliyal et al., which details the 
equivalency of the different materials. 

With respect to the limitation "ALD" in the materials, the limitation appears to refer to 
the process (atomic layer deposition) by which the material is formed. Nevertheless, (1) the 
process limitation in a product, which is popularly referred to as a "product-by-process 
limitation" has been found immaterial to the patentability of the process. (2) In addition, ALD, 
at the time the invention was made, already was known for its superiority in forming high-k 
materials, specifically high-k gate insulator ("high-k gate oxide"), such as uniformity of 
composition and thickness, over other processes. See, for example, Min U.S. Patent 6,669,990, 
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column 1, lines 22-29). It is therefore clear that either (1) or (2) listed above would render the 
claim unpatentable. 

Claim Rejections - 35 USC §102 or 103 

8. Claims 3 and 4 are rejected under 35 U.S.C. 102(e) as anticipated by or, in the 
alternative, under 35 U.S.C. 103(a) as obvious over the '138 patent. 

The reference discloses a device and materials as claimed and as detailed above for 
claims 1 and 5, and since the reference's structure and materials are similar or substantially 
similar to that to the claims, there is no reason to believe that the structure does not possesses the 
properties as claimed. 

9. Claims 1-4, 6-10, 12-13, and 15 are rejected under 35 U.S.C. 102(e) as anticipated by or, 
in the alternative, under 35 U.S.C. 103(a) as obvious over Kinoshita et al. U.S. Patent 6,780,708 
(the '708 patent). 

The '708 patent, in disclosing a method of forming core and peripheral gates, teaches an 
NROM memory transistor comprising a layer of nanolaminate or composite gate insulator or 
dielectric consisting of tunneling layer/charge-trapping layer/insulating layer 28/30/32, any one 
of which could be a high-k dielectric layer (Fig. 6 and column 7, lines 7-14, column 8, lines 25- 
40), where, as should be apparent by now and as disclosed also in column 9, lines 20-29) the 
high-k dielectric has a dielectric constant greater than that of silicon dioxide. The reference 
further teaches that the incomplete device as depicted in Fig. 6 may be completed by 
conventional techniques to form required features such as dopants, source/drain regions and the 
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like (column 14, lines 41+). In other words, the reference disclose an NROM memory transistor 
as claimed or substantially as claimed in these claims. See the preceding paragraphs for other 
critical, or optional (such as a processor to work with the memory device), but not disclosed, 
elements for the device to function and the inherent band edge or energy barrier characteristics 
when the materials of the respective layers are similar to the claimed. 

10. Claims 1-15 are rejected under 35 U.S.C. 102(e) as anticipated by or, in the alternative, 
under 35 U.S.C. 103(a) as obvious over Hoefler et al. U.S. Patent 6,713,812 (the '812 patent). 

The '812 patent discloses in the figures, particularly Fig. 4, and respective portions of the 
specification an NROM memory transistor that appears to have more limitations than the claims. 
For example, the reference discloses a composite substrate 12/16/20 having alternating and 
opposite conductivity types and a pair of source/drain regions that has an n-type conductivity 
(paragraph bridging columns 5 and 6); therefore it can not be said that the reference discloses "a 
substrate having a plurality of source/drain regions, the source/drain regions having a different 
conductivity than the remainder of the substrate" as claimed in the independent claims. 
However, if one considers "substrate" broadly, for example, just the p-well 20 (column 2,lines 
45-46), then the reference anticipates the limitations of the claims. In the alternative, since the 
extra layers of the substrate of the reference, or the lack of them, do not result in unexpected 
outcomes of the device therefore the removing of the extra layers or the adding of them would 
not constitute patentability. 

The reference further discloses that the NROM memory transistor depicted in the figures 
comprises a layer of nanolaminate or composite gate insulator or dielectric consisting of 
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tunneling layer/charge-trapping layer/inter-gate insulating layer 40/38/36, any one of which 
could be a high-k dielectric layer - (i.e., oxynitride or metal oxide, Fig. 4 and column 4, lines 1- 
14), where, as should be apparent by now and as disclosed in Table 1, in light of the 
interpretations in columns 5 and 6, of the 4 138 patent, that the high-k dielectric has a dielectric 
constant greater than that of silicon dioxide - and any one of which could be formed by ALD 
(column 3, lines 34-55). In the alternative, it would have been obvious to one of ordinary skills 
in the art at the time the invention was made to change the respective layers, i.e., tunneling layer, 
charge-trapping layer, and inter-gate insulating layer of the 4 8 12 patent, so that each of the layers 
are high-k dielectric layer, in view of the advantages given by the '567 patent, the ' 138 patent, 
and the '949 patent, respectively (see the preceding paragraphs for more details about these 
references). Specifically, the '567 patent teaches that by using a high-k dielectric layer for a 
tunneling layer, one would obtain, among other advantages, the loss of electrons into the 
substrate ('the 567 patent, column 5, lines 45-50); the '138 patent teaches that by using a high-k 
dielectric layer for a charge-trapping layer, one would obtain, among other advantages, reduced 
dimensions without degrading leakage current (column 4, lines 4-10); and the '949 patent 
teaches that by using a high-k dielectric layer for an inter-gate insulating layer ("top oxide 
layer"), one would obtain, among other advantages, a solution to the conventional structure 
problems of high temperature processing and high cost (column 2, lines 1-21). See the preceding 
paragraphs for other critical, or optional (such as a processor to work with the memory device), 
but not disclosed, elements for the device to function and the inherent band edge or energy 
barrier characteristics when the materials of the respective layers are similar to the claimed. 



Application/Control Number: 10/775,908 
Art Unit: 2818 



Page 13 



Conclusion 



1 1 . Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Tu-Tu Ho whose telephone number is (571) 272-1778. The 
examiner can normally be reached on 6:30 am - 5:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, DAVID NELMS can be reached on (571) 272-1787. The fax phone number for the 
organization where this application or proceeding is assigned is (703) 872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 



system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 




Tu-Tu Ho 
February 17, 2005 



